Outcome measures: Peripheral leucocyte relative telomere length (RTL) was measured using quantitative real-time PCR. Dietary intake was assessed by a brief semiquantitative food frequency questionnaire. The association between RTL and hypertension risk was analysed using logistic regression, and the modulatory effect of dietary intake on RTL-related hypertension risk was analysed using likelihood ratio tests.
Outcome measures: Peripheral leucocyte relative telomere length (RTL) was measured using quantitative real-time PCR. Dietary intake was assessed by a brief semiquantitative food frequency questionnaire. The association between RTL and hypertension risk was analysed using logistic regression, and the modulatory effect of dietary intake on RTL-related hypertension risk was analysed using likelihood ratio tests.
Results: Among controls, longer age-adjusted RTL was associated with higher vegetable intake ( p=0.01). Individuals with longer age-adjusted RTL (based on median value) were 30% less likely to have hypertension (OR=0.70, 95% CI 0.52 to 0.96; p=0.03). The observed RTL-hypertension relationship appeared to be modified by vegetable intake-longer RTL was significantly associated with lower hypertension risk only in those with greater vegetable consumption (OR=0.28, 95% CI 0.14 to 0.57; p<0.001), but not in those with lower vegetable intake (P-interaction=0.008).
Conclusions: Certain dietary factors might modify
telomere-related hypertension risk.
Telomeres are tandem repeat nucleotide sequences of TTAGGG that extend several kilobases at the end of mammalian chromosomes and play essential roles in the maintenance of chromosome stability and integrity. 1 In somatic cells, telomeres shorten with mitotic cycles due to the so-called 'endreplication problem' and also with oxidative stress. Therefore, telomere length is regarded as a marker for biological ageing and age-related diseases that reflects cell replicative history and lifetime cumulative oxidative stress from environmental exposure to cigarette smoking, poor nutrition and chronic inflammation. [1] [2] [3] [4] [5] Essential hypertension is an ageing-related chronic pathological condition which has been considered an important cause of morbidity and mortality around the world. 6 Animal studies found that telomerasedeficient mice with critical short telomeres developed higher blood pressure, which was associated with increased levels of circulating endothelin-1 and enhanced production of reactive oxygen species, 7 suggesting that telomere attribution may have an important role in hypertension aetiology. In humans, it was also shown that telomere length in peripheral leucocytes was inversely associated with pulse pressure, 8 9 diastolic blood pressure 10 and hypertension risk.
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It has been suggested that leucocyte telomere length could be modulated by certain Strengths and limitations of this study ▪ To the best of our knowledge, this is the first population-based study to examine the potential effects of food on the association between telomere length and hypertension risk. ▪ The study found that longer telomere length was associated with lower risk of hypertension only in those consuming the highest levels of vegetables, suggesting a synergistically protective effect on hypertension risk. ▪ The study used a brief version of a Chinese food frequency questionnaire that included only 11 food items, which limited our further analysis of the relationship between telomere length and specific nutrient intake.
dietary factors. 15 16 Individuals following a healthy lifestyle, including a higher intake of fruit and vegetables, had a longer peripheral leucocyte telomere length. [17] [18] [19] In particular, previous studies showed that telomere length was positively associated with vegetable consumption 20 21 and dietary intake of nutrients such as dietary fibre, 22 vitamin A and β-carotene, 21 23 and vitamin C. 23 High consumption of fruit and vegetables was also related to lower risk of hypertension, [24] [25] [26] whereas interventions with diets rich in fruit and vegetables that were reported to decrease blood pressure 27 28 and the dietary approaches to stop hypertension (DASH) diet that was characterised with high intake of fruit and vegetables have been recommended as practical approaches for hypertension prevention and management by the American Heart Association. 29 Since fruit and vegetables could be associated with both hypertension risk and telomere length, we hypothesised that these dietary factors may affect the relationship between telomere length and hypertension.
In the present study, we examined the association between telomere length and hypertension risk, the association between dietary factors and telomere length, and the potential modification of certain dietary factors (ie, consumption of fruit and vegetables) on the telomere-related hypertension risk in a case-control study of hypertension.
MATERIALS AND METHODS Participants
The community-based case-control study was conducted in Yinzhou, Zhejiang Province, China. Participants were community residents who enrolled in the New Rural Cooperative Medical Insurance and came to local Community Health Centers for biennial routine health examination between April and July 2013. Hypertensive patients were invited to participate in this study when they met the following criteria: (1) previously diagnosed with hypertension, (2) at least two medical records of systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg, (3) on antihypertensive medication and (4) aged 40-70 years. Those with conditions of diabetes mellitus, dyslipidaemia, secondary hypertension, renal disease or a history of stroke and myocardial infarction were excluded. We then selected controls matched by age and gender. The controls had to meet the following criteria: (1) never diagnosed with hypertension, (2) not receiving antihypertensive treatment and (3) systolic blood pressure <140 mm Hg and diastolic blood pressure <90 mm Hg when measured at the time of health examination. Written informed consent was obtained from all study participants.
Measurement of leucocyte relative telomere length
At the time of visiting health centres, a venous blood sample was obtained from the antecubital vein for measurement of blood lipid levels and genomic DNA extraction. Genomic DNA was extracted from blood samples using TIANamp Blood DNA Kits (Tiangen Biotech, Beijing, China) and adjusted to a final concentration of 20 ng/µL with 10 mmol/L Tris-EDTA ( pH 8.0) buffer. All DNA samples were checked for integrity by electrophoresis on 1.0% agarose gel and OD260/280 ratio (1.7-1.9). Relative telomere length (RTL) was measured with a quantitative real-time PCR method that compared the ratio of the telomere repeat copy number with the copy number of the 36B4 single-copy gene in a given sample. 30 The PCR reactions were performed in an ABI Prism 7000 Sequence Detection System. The primer sequences used for the telomeres were: forward primer: 5′-CGG TTT GTT TGG GTT TGG GTT TGG GTT TGG GTT TGG GTT-3′, reverse primers: 5′-GGC TTG CCT TAC CCT TAC CCT TAC CCT TAC CCT TAC CCT-3′. The primers for the single-copy gene 36B4 were: forward primer: 5′-CAG CAA GTG GGA AGG TGT AAT CC-3′, reverse primer: 5′-CCC ATT CTA TCA TCA ACG GGT ACA A-3′. Twenty nanogram of genomic DNA was used for each amplification reaction. The thermal cycling profiles for both amplicons began with 95°C incubation for 15 min, followed by 30 cycles of 15 s at 95°C and 30 s at 60°C. The specificity of amplifications was determined by melting curve analysis. All reactions were done in 96-well PCR plates. Individual samples were measured in triplicate. A pooled DNA sample from 100 randomly selected participants was used as a reference and serially diluted (20, 6 .667, 2.222, 0.741 and 0.247 ng) to generate a fresh standard curve for each plate. For each sample, the quantity of telomere repeats and the quantity of 36B4 copies were determined in comparison to the reference sample. The interbatch variability (coefficient of variation) in the study ranged from 4.9% to 12.3%, which was consistent with previous reports. 5 Assessment of dietary intake and other potential confounders Dietary intake was assessed via a brief semiquantitative food frequency questionnaire. All participants were asked the amount and frequency of the consumption of 11 major food groups/items during the past 12 months: vegetables, fruit, egg, meat, poultry, fish/seafood, milk, soya milk, fried food, dessert and salt. The intake of salt was self-estimated based on gram per day (see online supplementary material).
During the survey, all participants were also interviewed with a brief questionnaire regarding alcohol consumption, smoking and physical activity (see online supplementary material). Participants who smoked at least one cigarette per week and drank at least once per week were defined as current smokers and current drinkers, respectively. Since only a few people were former smokers (n=23) and former drinkers (n=31), they were counted as non-smokers or non-drinkers. Those exercising at least twice a week were defined as exercisers.
Weight, height, waist circumference and blood pressure were measured using standardised methods during the interview. Plasma concentrations of total cholesterol, triglycerides, low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol were measured on a Hitachi 7180 biochemistry automatic analyser (Hitachi High-Technologies Corporation, Minato-ku, Tokyo, Japan) as indicated in the manual.
Statistical methods
Statistical analysis was performed with SPSS V.16.0.1 (SPSS Inc, Chicago, Illinois, USA). Numeric values were presented as the mean (SD), and category values were expressed as the count (frequency) unless otherwise indicated. RTL was log-transformed to ensure the data fit normal distribution (one sample KolmogorovSmirnov test, p=0.20). The log-transformed RTL was further age-adjusted using a residuals method. 31 Log-transformed RTL was regressed on age, and age-adjusted RTL was computed by subtracting predicted value from log-transformed RTL. Independent t test or χ 2 test was used for comparison of parameters, such as age, gender, body mass index and lipid levels, and for comparison between hypertensive and normotensive groups. Independent t test or one-way analysis of variance was used to compare the difference in age-adjusted RTL between genders and among various intake levels of dietary factors. Logistic regression was used to relate telomere length or dietary intake to hypertension risk, after adjustment for potential confounders including age, gender, body mass index, blood total cholesterol, triglycerides, HDL cholesterol, physical activity, alcohol drinking and cigarette smoking. Telomere length was categorised to short and long based on the median value of age-adjusted RTL.
To explore whether the relationship between RTL and hypertension was modified by dietary intake, we used likelihood ratio tests to compare nested models with or without the cross product between RTL and the covariates of interest. Subgroup analyses were then conducted when we observed significant interaction. A value of p<0.05 was considered statistically significant.
RESULTS
During the recruitment period, a total of 1866 participants (1059 normotensive and 807 hypertensive patients) aged 40-70 years completed the survey and blood sample collection. After excluding 534 hypertensive patients with other conditions such as diabetes mellitus or dyslipidaemia, 277 cases were selected for final analysis. 458 controls were recruited from 709 normotensive subjects without listed chronic diseases and matched by age and gender. After further excluding 9 participants (6 cases and 3 controls) who had poor measurements of telomere length, a total of 726 individuals (271 cases and 455 controls) with complete data and acceptable DNA quality were included in the analysis (table 1). There was no significant difference in gender and age between the case and control groups (table 1) . Hypertensive patients had a significantly higher prevalence of smoking, and higher waist circumference, body mass index, systolic and diastolic blood pressure, blood triglycerides and LDL cholesterol than normotensive controls. Age was inversely associated with RTL (coefficient β=−0.002, p=0.015). Further, the hypertensive group had shorter age-adjusted RTL than the normotensive group (mean age-adjusted RTL: −0.117 vs 0.069, p=0.015) (table 1). There was no significant difference in age-adjusted RTL between males and females in the case and control groups.
Since hypertension had a significant impact on telomere length, we examined the effect of dietary factors on telomere length only in the control group. In normotensive controls, higher vegetable intake was associated with longer age-adjusted RTL ( p=0.01), while regular consumption of soya milk ( p=0.01) and regular consumption of fried food ( p=0.045) were associated with shorter telomere length. We did not observe significant associations between other dietary factors (fruit, meat, poultry, fish/seafood, milk, dessert and salt) and telomere length (table 2) .
As expected, longer age-adjusted telomere length was associated with decreased risk of hypertension (OR=0.70, 95% CI 0.52 to 0.96; p=0.03), after adjustment for potential confounders (table 3) . We also observed a trend between greater consumption of vegetables, but not fruit, and lower prevalence of hypertension (table 3) . For other dietary factors, individuals with a greater intake of salt or a lower intake of fish/ seafood had a higher likelihood of having hypertension (table 3) .
We further examined whether the association between telomere length and hypertension was modified by fruit and vegetables. We observed that longer RTL was only significantly associated with lower hypertension risk in those with greater vegetable consumption (OR=0.28, 95% CI 0.14 to 0.57; p<0.001), but not in those with lower vegetable intake (P-interaction=0.008) (table 4). The significance remained even after Bonferroni correction for multiple comparisons (α=0.05/2). In contrast, the interaction between RTL and fruit was not significant (P-interaction >0.2). Similar non-significant results were also observed for other dietary factors (P-interaction >0.1 for all).
DISCUSSION
In this community-based case-control study, we found that longer telomere length in peripheral leucocytes was associated with 30% lower odds of having hypertension, and this association was more pronounced among participants with a higher intake of vegetables. To the best of our knowledge, this is the first study to show that certain dietary factors may modify the association between telomeres and hypertension risk.
The finding that hypertensive patients had shorter peripheral telomere length than healthy controls was in agreement with previous reports. 3 11-13 32 For example, Lung et al 11 showed that the white blood cell telomere length of 73 adults with hypertension was shorter than that of 76 healthy controls in a community of southern Taiwan, and Yang et al 12 found that 388 hypertensive patients had a shorter leucocyte telomere length than 379 normotensive controls in central China. Similarly, one cohort study also showed that shorter telomere length at the baseline was associated with increased risk of developing hypertension after 5 years of follow-up. 12 Shorter telomere length was associated with vascular senescence, increased oxidative stress and chronic inflammation, 1 which were all related to increased risk of hypertension. 33 Telomerase-deficient mice exhibited the phenotype of progressive telomere shortening in successive generations. These mice developed higher blood pressure than wild-type mice, which was related to higher levels of circulating endothelin-1 and enhanced production of reactive oxygen species. 7 Our results, together with previous studies, provide convincing evidence that shorter telomere length was associated with hypertension and may play an important role in the aetiology of hypertension.
In this study, we observed that greater intake of vegetables was related to longer peripheral telomere length, which is in accordance with previous reports that a healthy lifestyle including high consumption of fruit and vegetable was associated with longer telomere ), plasma total cholesterol, plasma high-density lipoprotein cholesterol, plasma triglycerides, exercise (2+ times per week, yes/no), current alcohol consumption (at least once a week, yes/no) and current smoking (yes/no). length. [17] [18] [19] [20] [21] Vegetables usually contain relatively high levels of carotenoids, vitamin C and dietary fibre, the food components that were associated with the long telomere in many studies. [21] [22] [23] Unfortunately, we were not able to further analyse the effect of specific nutrients or dietary components on telomere length due to the simple dietary questionnaires used in this study.
Interestingly, we observed that long telomere length was related to lower risk of hypertension only in those consuming the highest levels of vegetables. Our results might suggest a synergistically protective effect of vegetable intake in those with a longer telomere. This finding also highlights the importance of incorporating the dietary intervention into an integrated approach to slow down the process of biological ageing and prevent against hypertension. However, this phenomenon may also be partly explained by the fact that lower levels of vegetable intake by themselves are risk factors for hypertension, 29 and the protective effect of a long telomere cannot be teased out due to limited statistical power. Consistent with this notion, Hou et al 34 showed that a short telomere was associated with a higher risk of gastric cancer only in those without risk factors for gastric cancer; and Diaz et al 35 found that healthy lifestyle behaviours modulated the association between telomere length and coronary artery calcium. In this context, more studies are warranted to elucidate the potential role of diet in the telomere-hypertension relationship.
The study had several limitations. First, telomere length was measured by the quantitative PCR method. The method usually has higher variation than that measured by southern blot (more than 10% in most references). 5 In this study, the coefficient of variation for different measurements of the same sample ranged from 10% to 20%, which was consistent with previous reports. The limitation of the method was that it required a larger sample size to find significant results, and might mask existent weak correlations (eg, the effects of other foods on the telomere-hypertension relationship) in current samples. Second, the dietary questionnaire used in the study has not been validated. However, the association between intake of salt, vegetables, and fish and hypertension risk and/or telomere length provides indirect evidence of the validity of this questionnaire. Since there were only 11 food items in the questionnaire, we were not able to calculate total energy consumption for food intake adjustment. We were also unable to further analyse the relationship between telomere length and specific nutrients or food components, which could be of importance to understand the observed associations. Further, reverse causality is of concern due to the retrospective study design. Participants might switch to a healthier dietary pattern as a result of hypertension diagnosis/symptoms. This would lead to an underestimation for the potential effect of fruit/vegetables on telomere-hypertension relationship.
In summary, the study suggests that greater vegetable intake may modify the association between telomere length and hypertension. Further studies with a validated dietary questionnaire and prospective study design are warranted to replicate our observations.
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